INTRODUCTION 1. UVOD
Plywood is an ancient engineering product, known as a primary form since the times of the ancient Egyptians. It is made of three or more layers (usually an odd number) of veneer, disposed at 90 0 between them, glued and pressed. The odd number of veneers is given by the symmetry of the fi nal board structure, i.e. the existence of a median layer, next to which other veneer layers are placed on one side and the other. The perpendicular layout of two adjacent veneer layers confers to the board a high uniformity of the properties, especially of fi bers perpendicular and parallel with the wood. Although recently these boards have been increasingly replaced by fi berboards in the furniture manufacturing industry, or by oriented strand boards in the fi eld of construction, they are still products demanded for various other uses. Among the board properties that make them preferable to massive wood, the following can be mentioned: board density is slightly higher than the one of massive wood from which veneer was made, due to the densifi cation degree and the density of the adhesive in dry state; board higroscopicity is low i.e. approximately 10 times lower transversally as compared to massive wood, due to the presence of dry adhesive (not hygroscopic); the board has higher strength than massive wood and the quality index (the ratio between strength and density) makes the board superior to steel and aluminum alloys. At the same time, the board is a homogeneous product and reduces the effect of the natural defects of massive wood, spreading them on wide surfaces.
The purpose of heat treatment of wooden products (lumber, shredding, sawdust and chips, briquettes, pellets, straw, rice husk) at high temperatures is to improve properties (Lundborg, 1998 Shulga et al., 2008) . The true revolution in the fi eld of heat treatment started with the introduction of the European standard CEN/TS 15679 in 2007. The use of classic boards in outdoor environment involves the use of more expensive adhesives, or the increase of the paraffi n or wax content, which increases considerably their price. These inconveniences can be avoided by heat treatment of the boards at high temperatures, taking care not to reduce drastically their strength. The question also arises whether it is adequate to subject the boards to heat treatment and then to glue them (Zdravković et al., 2013) , or to apply heat treatment directly to the plywood. The opinions of the researchers in this respect are contradictory. The important fact is to provide an effi cient manufacturing chain (as short as possible), lower costs and as many as possible benefi ts (Uslu, 2008; Batidzirai et al., 2013 Salca et al., 2016) , but it does not reduce the quality of the products used in outdoor environment, as the wooden surface darkens anyway under the effects of bad weather. Due to heat degradation, all heat treated products have lower strength, regardless of whether these products are manufactured of wood glued veneers, or Laminated Veneer Lumber . However, at the beginning of the heat treatment between 150 and 160 °C, a part of the strength of heat treated products slightly increases, after which their strength is reduced with the intensifi cation of the heat treatment (Percin et al., 2016) . Some authors found that heat treatment affects the reduction of formaldehyde emission, especially in the case of poplar boards (Murata et al., 2013) . Heat treatment has additional benefi cial effects on veneers when it is combined with their pressing at the pressure of 2.7 MPa (Arruda and del Menezzi, 2016).
The main objective of this study is to obtain an optimal heat treatment of 3-layered beech plywood, in order to be used in outdoor environment. For this purpose, it is intended to increase the hydrophobicity of the boards i.e. to reduce their absorption and thickness swelling in the conditions in which the mechanical properties (modulus of rupture MOR for static bending and Brinell hardness) could remain constant or slightly decrease.
MATERIALS AND METHODS

MATERIJALI I METODE
3 layer beech (Fagus Sylvatica L.) plywood sheets with an average thickness of 3.9 mm were purchased from the local market. Samples with dimensions of 380 x 380 mm have been cut from various parts of the boards (edge, middle or median) for heat treatment. The heat treatment of the board was performed in a laboratory stove without oxygen admission. The heat treatment applied to the test samples is shown in Table 1 .
First, all the samples were conditioned at 23 ± 2 °C and 65 ± 5 % relative humidity until they reached a constant weight. The heat treatments shown in Table 1 were applied to the test samples and the weight loss amounts were determined. Then, some physical and mechanical properties of the test specimens were investigated. Mechanical properties such as MOR (EN 310, 2000) and Brinell hardness (EN 1534 together with physical property tests such as density (EN 323, 1993) , water absorption and thickness swelling (EN 317) tests were carried out according to the relevant standards. The tests were repeated 15 times per each test type and parameter. The relationship between the force and time applied in the Brinell hardness test is given in Figure 1 . All data were processed by using Microsoft Excel with the application of a statistical analysis.
RESULTS AND DISCUSSION
REZULTATI I RASPRAVA
Following the laboratory determinations, the analyzed board (herein after referred to as control sam- 3 . After the heat treatment, each piece was visually checked and defect free samples were kept under study. The fi rst analyzed parameter was mass loss, which linearly increased (by Pearson R 2 coeffi cients in majority over 0.99) with the increase of temperature and exposure time (Figure 2 ). Only at 160 °C, the mass loss linear variation is less accurate with the Pearson coefficient of 0.896. Maximum mass loss was 3.52 % at a temperature of 160 °C, 5.32 % at a temperature of 180 °C and 10.68 % at a temperature of 200 °C.
When the heat treatment is performed at a moisture content of 0 % (by drying at 103 °C in a lab oven), the board thickness slightly shrinks by losing moisture content from 6.5 to 0 %, with slight values of 0.8-1.9 %. This shrinkage does not have a big infl uence on the heat treatment process, being known the reversible absorption-desorption process of the water in the wooden products and their dimensional changes.
During the heat treatment process, the board degrades generally by degradation of the wood veneers, but also by degradation of the adhesive and consequently also the veneer adhesion.
The mechanical property that shows the highest board degradation is MOR (Windeisen et al., 2009 ), while the board surface degradation is shown by Brinell (Uslu et al., 2008) . The modulus of rupture (MOR) was reduced signifi cantly, depending on the torrefaction degree, from the value of 152.9 N/mm 2 to the minimum value of 120.8 N/mm 2 (a reduction of 20.9 %) at the temperature of 160 °C, to 108.6 N/mm 2 (a reduction of 28.9 %) at the temperature of 180 °C and to 66. 2 ), followed by its reduction of 8.1 % at the same temperature and 3-hour treatment. The same phenomenon was previously noticed on heat treated MDF, which showed that some hardening of the wooden surface treated at the temperature of 160 °C for 1 h can be obtained, regardless of the type of composite material. The maximum reduction of the Brinell hardness was 16 % at 180 °C and 40.6 % at 200 °C.
As shows in Figure 5 , it was believed that the mass loss of the composite specimens was related to the decrease in Brinell hardness and tensile elastic modulus. Such trend confi rmed that the mass loss increase leads to a proportional reduction of Brinell hardness and that it is almost proportional with the strength modulus to static bending. At the same time, a significant reduction of the MOR in the fi rst phase of the heat treatment at 160 °C was noticed as well. Similar results were obtained for the treatment repeated at 180 °C and 200 °C.
The absorption and thickness swelling of the boards were signifi cantly lower than those of the control samples ( Figure 6 ). After 2 hours of immersion, water absorption was reduced from 33.8 % for the control samples to 25.5 % for the 180/3 treatment degree, which represents a value reduction of 8.3 % or a percentage reduction of 24.5 %. The corresponding thickness swelling was reduced from 6.9 % to 3.1 %, namely a value reduction of 3.8 % or a percentage reduction of 55.07 %. As expected, the highest reductions were obtained for the maximum treatment degree 200/3, with a value of over 70 % of absorption and over 60 % of swelling.
Thickness swelling showed the same decreasing trend as water absorption (Figure 6 3. The Brinell hardness was reduced due to the increase of heat treatment duration and temperature, but such decrease of about 40 % in test samples treated at 200 for 3 h was lower than the one obtained for MOR. 4. After being immersed in water for 2 h, water absorption and thickness swelling were positively affected and a signifi cant decrease was detected. The reduction in water absorption and thickness swelling were determined to be 70 % and 60 %, respectively, for the samples treated at 200 °C for 3 h when compared to the control samples. 5. The heat treatment decreased the beech plywood density by 11 % and the strength to bending resistance by 57 %. 6. Th ese beech plywood boards cannot be used for high stress support in construction.
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